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Abstract 
 
Over the years, an increasing number of consumers are concerned about the 
environment. This market tendency mobilized numerous companies around the globe to 
include in their business policy a new eco-friendly approach. Both consumers and 
companies are lately interested either in buying or in producing eco-friendly products. 
Moreover, consumers are willing to pay a premium value to buy these products and 
companies aim to achieve the maximum profit from their sales. 
The objective of this study is to propose a methodological concept for companies to 
produce products friendly to the environment. That is to present the most appropriate 
materials, as well as their most suitable processing methods. In order to achieve this 
goal, after careful examination of the existing methodologies, the one followed in the 
current paper is the combination of three methods, namely: i) Repertory Grid Analysis to 
illustrate consumers’ preference among a number of homogeneous products, ii) Multi-
criteria Decision-making technique for material selection and iii) Life Cycle Assessment 
method for environmental impact evaluation. To validate that this methodology is efficient 
for the purpose of this study, it was applied to a real-life product, a lemon squeezer. The 
materials chosen for the design under the aforementioned methodological framework 
were plastic and as far as the manufacture of the product is concerned the extrusion 
manufacturing process was applied. The analysis results showed that the total Carbon 
Footprint decreased by 94.2%, the total Energy Consumed decreased by 88.6%, the total 
Acidification decreased by 99.8% and the total Eutrophication decreased by 99.3%. It is 
noteworthy that, except for the environmental impact, due to the followed process, the 
total weight decreased by 88.2 % as well. 
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1. INTRODUCTION 
 
1.1. General Overview 
 
Environmentally friendly consumer behavior is becoming more popular over the last 
decades. Over the years, an increasing number of consumers developed important 
concern about the environment, and more consumers are taking these concerns into 
action. Since the late 1960’s, a surge of investigations started (Rios et al., 2006) 
regarding consumer consciousness for the environment. Berkowitz and Lutterman 
(1968), as well as Anderson and Cunningham (1972) conducted the first studies on this 
subject. Specifically, they studied the profile of the environmentally friendly consumer and 
achieved to identify it. Their accomplishment constituted the cornerstone for the 
subsequent inquiries. In 1990, Smith (1990) reached the conclusion that these socially 
responsible consumers actively purchase eco-friendly products because of their 
environmental concerns (Hume, 1991; Miller, 1993), whereas years later, the beginning 
of global financial crisis also influenced consumer behavior towards a new approach of 
environmental protection and social improvement. 
This consumer tendency mobilized numerous companies around the globe to include in 
their business policy a new eco-friendly approach. This push had as a result companies 
developing new strategies and launching products to the market place being and labeled 
as ecological or eco-friendly. The marketing goal for companies which manufacture 
sustainable, eco-friendly products is primarily to increase their market share and 
differentiate their products from the competition (Jensen et al., 2002). Apparently, from an 
economic point of view, companies seek to achieve the maximum profit from their sales 
(Bovea and Vidal, 2003). 
 
1.2. Purpose 
 
The hypothesis behind the present dissertation lies on the fact that both consumers and 
companies are highly interested either in buying or in producing more and more eco-
friendly products. The interest of consumers to buy sustainable products is confirmed by 
their willingness to pay a higher price for such products. The latter has been proved by 
many researches that have been conducted during the last few decades. For instance, 
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Smith (1990) has shown that consumers are willing to pay a premium price for eco-
friendly products (Hume, 1991; Miller, 1993). After years, Bovea and Vidal (2003) had 
quantified customer’s willingness-to-pay for a product that absorbs specific environmental 
improvements. The results that the abovementioned researches came up with prove that 
the product’s value can be increased, since consumers are willing to pay a higher value 
to buy it. In the same context, Camacho-Cueva et al. (2004) concluded that consumers 
are willing to pay an extra amount of money for any product’s sustainable enhancements. 
In this light, for companies to take financial and social advantage of this new upcoming 
tendency, it is critical to produce eco-friendly products. Therefore, more and more 
companies, regardless their welfare, started producing eco-friendly products. 
 
1.3. Objective 
 
The objective of this study is to propose a methodological concept for companies to 
produce eco-friendly products; that is, products that have a low impact on the 
environment (Pickett-Baker and Ozaki, 2008). Through the proposed method, it is 
confirmed that re-designing products as eco friendly has as a result the decrease of their 
impact on the environment. To fulfill this objective, a model has been selected by means 
of the integration of product redesigning, material selection and environmental impact 
evaluation. 
More specifically, this model is based on the combination of three methods, namely: i) 
Repertory Grid Analysis to illustrate consumers’ preference among a number of 
homogeneous products (Kelly, 1991), ii) Multi-criteria Decision-making technique for 
material selection (Pohekar et al., 2004) and iii) Life Cycle Assessment for environmental 
impact evaluation (Fava et al., 1991). The methodology deals with the most significant 
stages before the production. These are: the identification of the consumers’ preferences, 
the appropriate material selection and the examination of the environmental impact of the 
product. 
The basic feature of this methodology that differentiates it from the already existing ones 
is the participation of the potential consumers at the first stages. Potential consumers act 
as motivators, since the next stages of the methodology are based on their preferences 
and choices. The interference of consumers aims to emphasize the fact that companies 
have to produce products that meet consumers’ needs. 
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1.4. Structure of the study 
 
This dissertation consists of six chapters, as follows: 
The introductory chapter is a presentation of the general overview of the study in which 
the context of the thesis, its purpose and its objective are defined. 
The second chapter refers to the literature review of methodologies used for examining 
the consumers’ preferences, to the appropriate materials and manufacturing processes, 
as well as to the evaluation of the environmental impact. 
The third chapter summarizes the theoretical background of the methodology. 
The fourth chapter presents the applicability and the empirical findings of the proposed 
methodological concept through a case study. More specifically, the methodology is 
applied on the redesign of a lemon squeezer. 
The fifth chapter presents the conclusions and the managerial insights of the study. 
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2. LITERATURE REVIEW 
 
This chapter presents certain previous research studies conducted upon related subjects. 
It displays a range of alternative methodologies existing to serve the same purposes: 
examination of consumer preference, material selection and environmental impact 
evaluation. The following sub-sections are referring to these three main topics. 
 
2.1. Consumers’ preferences examination 
 
The development of new products has been and will continue to be a vital part for the 
welfare subsistence of a firm. A company is able to become increasingly competitive and 
prosperous by producing products which fulfill consumer’s needs and wants. As a result, 
forecasting consumer’s preferences for a new product has actually become primal goal 
for the companies. Several methods and techniques have been proposed to evaluate 
consumer preferences in product development (Van Kleef et al., 2005). All these methods 
differ in terms of the predestined structure that they inflict on the data acquirement and 
analysis process (Hassenzahl et al., 2000). Some of the aforementioned methodologies 
are focus group techniques, in-depth interviews, and survey questionnaires (Rowe et al., 
2005). 
In the product design sector, the methods that have been used more are Conjoint 
analysis, “Lead-user” Technique, Information acceleration (IA) and Repertory Grid 
Analysis. Conjoint analysis is an analytical tool which evaluates consumer viewpoint for a 
set of products. Wu et al. (2014) applied Conjoint analysis in the development of new 
subcompact cars. “Lead-user” technique is an appropriate method in distracting 
consumer’s opinion about a new product. Herstatt et al. (1992) applied this method for 
developing a new pipe hanger concept (Herstatt and Hippel, 1992). Moreover, 
Information acceleration (IA) provides information about consumer’s attitude and 
preference about new products. Urban et al. (1996) implemented this method in the case 
of an electric vehicle. Finally, Repertory Grid technique is one of the methods which 
properly investigate human’s preferences about a service, product etc. through an 
interview process. This technique has been applied in various fields for the same reason; 
namely: business management, computer science, teaching, and marketing (Abdul-
Rahman et al., 2011). In the recent years, this multidimensional technique has been 
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implemented in engineering and product design sector. Hassenzahl et al. (2000) applied 
repertory grid technique to evaluate a set of prototypes which function is to switch off a 
pump in an assumed industry plant control room. 
 
2.2. Material selection 
 
Recent studies proved that selecting appropriate materials is one of the most significant 
tasks. The material selection influences not only product’s cost, but also its function, its 
quality and generally its environmental impact (Zhou et al., 2009). For this reason, 
material selection has a prominent position in design stages. A wide range of 
methodologies have been developed during the last years to fulfill the need of selecting 
optimum materials. According to Ashby et al. (2004) three different types of materials 
selection methodology have been identified: free searching based on quantitative 
analysis, checklist/questionnaire based on expertise capture and inductive reasoning and 
analog procedure. All of these methods utilize materials data either in a non-
computerized form or in a computerized one.  
In engineering design, the most widely known and used method for material selection is 
Multi-criteria Decision-making technique (MCDA) (Chatterjee and Chakraborty, 2012). 
MCDA technique consists of a variety of different methods dealing with decision problems 
under the aspect of a variety of decision criteria (Pohekar and Ramachandran, 2004). 
Shanian and Savadogo (2006) applied the Technique of ranking Preferences by 
Similarity to the Ideal Solution (TOPSIS) Multiple-attribute Decision-making (MADM) 
method for solving the material selection problem of metallic bipolar plates for polymer 
electrolyte fuel cell. They also applied ELECTRE (ELimination and Choice Expressing the 
REality) model to achieve a more accurate material selection for a mass- produced non-
heat-treatable cylindrical cover material (Shanian and Savadogo, 2006). Milani et al. 
(2013) applied the Analytic Network Process (ANP) Multiple-attribute Decision-making 
(MADM) method to evaluate materials for non-metallic gear accessories in secondary 
power systems.  
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2.3. Environmental impact evaluation 
 
According to Ramlogan (1997) the environmental impact refers to the global warming, the 
depletion of stratospheric ozone layer, the noise and light pollution, the pollution of sea 
and rivers, the desertification and the acid rain. The interest for the environment has 
increased recently and has led to the evolution of a wide range of qualitatively and 
quantitatively methods with the purpose of examining the environmental impact. 
Methodologies, which are appropriate to evaluate the environmental impact are: Life 
Cycle Assessment (LCA) (Consoli et al., 1993), Failure Mode Effect Analysis (FMEA), 
Finite Element Method (FEM), Life Cycle Costing (LCC), Design for Assembly, 
Environmental Effect Analysis (EEA), Environmental-FMEA26,27 (E-FMEA), Quality 
Function Deployment (QfD), Failure Tree Analysis (FTA), and Fishbone (Ishikawa) 
diagram (Lindahl, 2005). This range of tools includes simple environmental indicators 
(Navinchandra, 1991), semi-quantitative design matrices (Gerstakis et al., 1997) or 
checklists (Graedel and Allenby, 1996). 
The most widely known method used to evaluate environmental impact is the Life Cycle 
Assessment (LCA) methodology. According to Millet et al. (2007) LCA is a specialized 
tool which is totally appropriate to strategically evaluate new concepts. Blengini et al. 
(2012) have also referred to the LCA method as the most proper tool in providing 
technical information for sustainability during the design phases. The LCA method has 
been applied in various fields of product design. 
Indicatively, Park et al. (2006) applied the LCA methodology to evaluate the 
environmental impact of a refrigerator in order to improve its environmental efficiency. 
Vinodh et al. (2010) conducted a research which had as a purpose to examine the 
environmental impact of manufacturing sustainable electronic switches with the 
application of the LCA methodology. Kaebernick et al. (2003) discussed an approach of 
methodologies for sustainable manufacturing of industrial products, including the LCA 
method, in order to demonstrate its economical benefits in company’s welfare. Saxce et 
al. (2012) applied the LCA methodology to compare the environmental impact of 8 
different textiles for bed-sheets in order to choose the most sustainable solution. 
González-García et al. (2011) applied LCA methodology to quantify the Carbon Footprint 
in terms of equivalent CO2 emissions of wooden furniture. 
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3. BASIS OF THE MODEL 
 
The proposed concept is based on using three different methodologies, which are 
combined to accomplish the objective of the study, as follows: 
1) Repertory Grid Analysis, which is used to illustrate consumer’s preference among a 
number of homogeneous products, 
2) Multi-criteria Decision-making Technique for the material selection phase and 
3) Life Cycle Assessment for the environmental impact evaluation. 
Before proceeding to the application of this methodological framework on a real-world 
industrial product, it is important to present the theoretical background of these three 
methodologies. 
 
3.1. Repertory Grid Analysis- Theoretical framework 
 
Personal Construct Psychology (Kelly, 1991) is a theory which explores human’s 
perception of themselves and others and was developed by George A. Kelly in 1955. 
According to this theory, a person’s perception of the world is accomplished through a 
vigorous and effective process of comparing bi-polar dimensions, the “constructs” (Mak et 
al., 2013). 
Repertory Grid Technique is an essential part of Personal Construct Theory (Kelly, 1955).  
It is the diagnostic tool designed by Kelly (1991) and it is basically relied on the theory of 
Personal Constructs Psychology (Abdul-Rahman et al., 2011). Repertory grid technique 
was designed in order to examine the personality of humans, which is known as “role 
constructs”. RGT is the process that examines persons’ point of view. A full repertory grid 
contains three components: “elements”, “construct” and the “linking mechanism” (Shaw 
and Thomas, 1978). “Elements” are the objects of examination, “personal constructs” 
illustrate the way persons’ feel about the “elements” and the “linking mechanism” is the 
correlation between the elements and the personal constructs. 
The initial application of this technique was mainly in clinical and organizational settings 
and later on in culture and identity understanding, whereas in the latter years has been 
implemented in various other areas, one of which is the product design sector. 
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3.1.1. Elements 
 
In the original design of repertory grid, element is the “role constructs” of a person (Shaw, 
1981). In other words, elements are the “items”, which are compared during this process 
and for which people express their opinion and preference. Elements are evaluated by 
triads in a contrast way. Elements selection is critical and is based on two fundamental 
principles. Firstly, the elements have to be homogeneous and secondly, they should 
cover completely the area which is going to be explored (Shaw, 1981). In the following 
case study, for example, the elements are the different designs of lemon squeezers. 
 
3.1.2. Constructs 
 
The constructs are the opinion that participants or interviewees express for the elements 
(Edwards et al., 2009). The constructs, for example, in this case study constitute the 
perception that participants develop for the different lemon squeezers’ designs that are 
included in the research, with the ultimate objective of this process being the selection of 
the most advantageous lemon squeezer. In Repertory Grid technique the constructs are 
demonstrated within the grid as “bipolar dimensions”. According to Kelly (Edwards et al., 
2009) people are inclined to evaluate constructs in terms of similarity and differentiation 
and thus it is shown how elements diverse from each other in a decisive way. Finally, the 
evaluation is accomplished with the application of a rating scale. In this case study, for 
example, a rating scale of 1 to 5 is used. 
 
3.1.3. Linking Measurements 
 
The linking mechanism according to Easterby-Smith (Shaw, 1981) shows the way that 
constructs are related to elements. Between constructs and elements there are links 
which demonstrate their relationship. In Repertory grid, there are three types of links: the 
links between constructs and constructs, the links between elements and elements, and 
links between constructs and elements (Abdul-Rahman et al., 2011). 
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3.2. Multi-criteria Decision-making technique- Theoretical framework 
 
Multi-criteria Decision-making is a widely recognized method of decision making 
(Pohekar et al., 2004). This technique is used for evaluating and assessing problems 
dealing with multiple, often conflicting criteria (Pomerol and Romero, 2000). The fact that 
MCDM technique can present the problem in a structured and comprehensible form has 
made it a practical and useful tool for decision makers. This characteristic provides the 
potential to the decision makers to efficiently examine the problem based on their 
prioritized requirements (Işıklar and Büyüközkan, 2007). 
MCDM is further separated into Multi-objective Decision-making (MODM) and Multi-
attribute Decision-making (MADM) (Climaco, 1997). The above mentioned categories 
include a number of methods, which are either applied solely or in combination, 
depending on the number of the decision makers (Gal and Hanne, 1999). The MCDM 
technique includes the following methods (Chatterjee and Chakraborty, 2012): Weighted 
sum method (WSM),  Weighted product method (WPM), Preference ranking organization 
method for enrichment evaluation (PROMETHEE), Compromise programming (CP) 
(Pohekar and Ramachandran, 2004), analytic hierarchy process (AHP) (Dweiri and Al-
Oqla, 2006), multi-attribute utility theory (MAUT) (Roth et al., 1993), technique of order 
preference by similarity to ideal solution (TOPSIS) method (Jee and Kang, 2000), graph 
theory and matrix approach (Rao, 2006), ELECTRE (elimination and choice expressing 
the reality) method (Shanian and Savadogo, 2006), VIKOR (Vlse Kriterijumska 
Optimizacija Kompromisno Resenje) method (Chatterjee et al., 2009), evaluation of 
mixed data (EVAMIX) method , complex proportional assessment (COPRAS) method 
(Chatterjee et al., 2011), gray relational analysis (GRA) (Chan, 2006), preference 
selection index (PSI) method (Maniya and Bhatt, 2010) and linear assignment method 
(Jahan et al., 2010). In the Figure 1, the basic steps of Multi-criteria Decision-making 
technique are illustrated. 
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Fig.1: Multi-criteria Decision-making process. 
 
3.3. Life Cycle Assessment methodology- Theoretical framework 
 
Life Cycle Assessment is a method which analyses and evaluates the environmental 
impact of a product, process, or activity. It quantifies the total energy and materials used 
and also the wastes and emissions released to the environment (Fava et al., 1991; 
Consoli et al., 1993). As shown in Figure 2, LCA analyzes the whole life cycle of a 
product, process or activity from the extraction and processing of raw materials till the 
final disposal, demonstrating the in between stages of manufacturing, transport, use, re-
use or recycle of the product. 
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Fig.2: Stages in the life cycle of a product (Azapagic, 1996). 
 
A complete LCA study includes four steps (Consoli et al., 1993; Guinea et al., 1993; 
Lindfors et al., 1995; Vigon et al., 1993), which are illustrated in the following Figure: 
 
Fig.3: Life Cycle Assessment framework. 
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LCA is actually a decision making technique since it provides information about product’s 
environmental impact. Thus, it has two major objectives. Firstly, it evaluates the 
environmental appearance of a product, process or activity in order to provide alternative 
choices as a decision making tool. Secondly, it sets the base for potential improvements 
of the examining product, process or activity (Miettinen and Hämäläinen, 1997). 
 
3.4. The proposed methodological concept 
 
The proposed methodological concept (Fig.4.) can applied for the development of any 
industrial product. The objective of this methodology is the redesign of an industrial 
product in order to become eco-friendly by selecting sustainable materials and 
manufacturing process that decrease the product’s lifecycle environmental impact. 
Moreover, the whole process is based on the consumers’ preferences.  
 
 
 
Fig.4: Proposed methodological framework.  
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The first stage of the methodology includes the design of a number of homogeneous 
industrial products, which are the objects being discussed at the following step. These 
industrial products are evaluated by a number of interviewees with the main purpose of 
selecting the optimal product. For this reason, Repertory Grid Analysis is implemented to 
examine interviewees’ preferences and thus provide us with the optimal product. The 
next step refers to the redesign phase. In this stage, the product is also redesigned in a 
way as its form and shape obtain eco-friendly characteristics. 
Subsequently, applying the Multi-criteria Decision-making technique, the materials, which 
fulfill the mechanical properties as well as the specific objectives for each part of the 
product, were selected. At this point it is necessary to underline that the specific 
objectives include among others the recyclability of the product, which is the most 
important trait for the purposes of this paper. The next step incorporates the evaluation 
and comparison of the environmental impact of each of the selected materials and their 
corresponding manufucturing processes as well. Life Cycle Assesment is the method 
used for the evaluation of the environmental impact. In order to illustarate the product’s 
final appearance the materials that decrease the product’s environmental impact are 
subsequently applied to the redesigned product, in conjuction with several colour 
alterations.  
 
4. APPLICATION OF THE PROPOSED METHODOLOGICAL CONCEPT: THE CASE 
OF A LEMON SQUEEZER 
 
The application of the proposed methodological framework provides a better 
understanding of its use and demonstrates its essential meaning. This case study 
presents analytically the process and the results of the proposed methodological 
framework when implemented to a real-world product, namely, a lemon squeezer. 
 
4.1. Design of the lemon squeezer 
 
In this initial stage, a number of lemon squeezers were designed in order to fulfill specific 
requirements and needs of a defined target group. Some of these lemon squeezers 
satisfy more or less the design requirements and qualifications. The objective of this 
process is to improve the design, performance, functionality or the ergonomic formation 
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of the lemon squeezer by fulfilling the human needs, but also decreasing the products 
environmental impact. 
 
4.2. Evaluation of the lemon squeezers- Repertory Grid Analysis 
 
As described in Figure 4, this is the first step, since the interviewees will select the lemon 
squeezer which satisfies most their preferences. This will occur with the implementation 
of the Repertory Grid Analysis to various designs of lemon squeezers. 
For this study REP IV software tool was selected to identify the consumers’ views about 
similar attribute “elements”. The reason that this tool was selected in comparison to 
others was that RepIV had been tested and was accepted internationally as the most 
trustworthy to use (Abdul-Rahman et al., 2011). 
Participants. A total of 18 individuals (9 women, 9 men) participated in the study. The 
interviewees were postgraduate students of MSc in Strategic Product Design program at 
International Hellenic University. Their professional background varied across disciplines 
and covered not only non-technical backgrounds (e.g., economists) but technical 
backgrounds as well (e.g., mechanical engineers, architects, graphic designers). The 
average age of the sample was 39 years (min= 23, max= 55). 
Artifacts. The artifacts that were chosen were 9 different lemon squeezers designs (Fig. 
5). The design process required the following steps: selecting the target group, setting 
design guidelines, conducting a marketing research. The student designers were not 
given any instructions about the artifacts appearance and style; they were positively 
encouraged to make the design based upon their creativity and inspiration. That had as a 
result the creation of various and different lemon squeezer design forms. 
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Fig.5: The 9 different lemon squeezer designs. 
 
Procedure. The whole group of the participants was gathered in the class room. After a 
short introduction in reference with the procedure, the 9 designs of lemon squeezers 
were shown to the participants. In addition, an extra lemon squeezer design was added in 
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the procedure; the “ideal” lemon squeezer; that is the imaginary optimal lemon squeezer. 
Moreover, the evaluation of the design is being conducted in triads.  
After the completion of the interview, the data were inserted into the Rep IV tool. The 
results are illustrated in a comprehensive way, so as the correlation and the link 
mechanisms between the constructs and the elements to be distinctive, as well as 
understandable. The position of any of the lemon squeezers on the diagram clarifies the 
interviewees’ opinion. Specifically, the lemon squeezer, which approaches more the 
“ideal” lemon squeezer, is the one which greater fulfills participants’ preferences. 
 
4.2.1. Charting the lemon squeezer’s evaluation 
 
The Repertory Grid Technique arose 24 constructs; that means that 24 different possible 
ways participants may feel about a lemon squeezer’s design. Figure 6 illustrates the 
outcomes resulted from the interview process. The elements of this case study are the 
designs of the lemon squeezers and are shown with red color at the bottom line (Fig.6). 
The participants evaluate by triads the lemon squeezers using a rating scale from 1 to 5. 
Number 1 is the lowest rating, which means that the lemon squeezer with this rate does 
not fulfill the specific construct. If the lemon squeezer is rated with 5, that means exactly 
the opposite. The constructs are presented on the left and on the right column. Figure 7 
graphically illustrates the position and the relation of each element (red color) with the 
whole constructs (blue color). 
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Fig.6: Results of lemon squeezers evaluation: REP IV software. 
 
Fig.7: The distribution of constructs and elements. 
 
The objective of this analysis was the evaluation of the 9 lemon squeezer designs by the 
18 participants in order to identify the lemon squeezer which best fulfills participants’ 
preferences. Observing the charts that resulted from the process, Bubble lemon squeezer 
is the one which approaches more to the “ideal” lemon squeezer. Therefore, Bubble 
lemon squeezer is the selected product for the present analysis. 
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4.3. Redesign of the Bubble lemon squeezer 
 
In this stage, the performance and the technical characteristics of the Bubble lemon 
squeezer are presented (Fig.8, Fig.9) as this product was initially designed.  
 
 
Fig.8: Bubble lemon squeezer right view. 
 
 
Fig.9: Bubble lemon squeezer exploded view. 
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The Bubble lemon squeezer consists of three parts: the container, the sieve and the cup. 
The initial material of Bubble squeezer chosen by the designer is Stainless steel for the 
container, Polymethyl methacrylate (PMMA) for the sieve and Glass for the cup. Table 1 
summarizes the Bubble squeezer’s specifications. 
 
Bubble squeezer’s specifications 
Material: Stainless steel for the container, Polymethyl methacrylate 
(PMMA) for the sieve and Glass for the cup 
Height: 16, 5 cm 
Volume: 178726 cubic millimeters 
Mass = 995 grams 
  Table 1: Bubble squeezer’s specifications. 
 
The Bubble squeezer was designed based on the following guidelines: 
 
1. Stability while squeezing 
2. No pits 
3. Lemon cover in order not to get your hands dirty 
4. Easy to clean 
5. Design (Form, aesthetics) 
6. Size 
7. Easy to pure juice 
8. Easy to store 
9. Not many pieces 
10. Stable mating of the parts 
11. Cost (5-20) 
12. Extract the juice (rotate) 
13. Handle (Holding, service) 
14. Cut the lemon in half 
15. Appropriate also for left handed 
16. Eco friendly 
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Furthermore, it is important to refer to the group of consumers targeted for the purposes 
of this paper, since its traits influence the aesthetic of the lemon squeezer. So, the 
product refers to a single 40 years old man, who lives in a minimal decorated house and 
prefers aesthetically designed objects.  
In order the final concept of the lemon squeezer to be developed, it is crucial to identify 
the deficiencies of the initial design. It is upon these deficiencies that the necessary 
enhancements are implemented and the improvement of the final design is achieved. The 
deficiencies of the initial lemon squeezer are the following: 
 
o Opaque container 
o Huge container for the specific use 
o Unstable angle of revocation 
o Minimized sharpness 
o Tiny filter space for the pouring lemon juice 
o A few number of nicks  
o Small diameter of filter nick 
 
Predicated on the aforementioned functional deficiencies, the redesign of Bubble lemon 
squeezer is based on the following objectives: 
 
o Reduction of height 
o Reduction of mass 
o Reduction of volume 
o Reduction of inner wall of the main body 
o Transparent container 
o Changing the angle of the revocation 
o Increase of nick’s diameter where the juice flows 
o Increase of the number of nicks 
o Increasing the sharpness of the squeezer 
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In the redesign stage, the initial design is examined and alternative solutions in relation to 
the sustainability, the aesthetic, the functionality and the ergonomic formation are 
explored. The following figures illustrate the subsolutions for the container (Fig.10 to 
Fig.13) and the subsolutions for the sieve (Fig. 14 to Fig.17) respectively. The cup is the 
only part which will maintain its initial form. 
 
Subsolutions for the container 
 
 
Fig.10: Subsolution (1) for the container. 
 
 
Fig.11: Susolution (2) for the container. 
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Fig.12: Subsolution (3) for the container. 
 
 
Fig.13: Subsolution (4) for the container. 
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Subsolutions for the sieve 
 
 
Fig.14: Subsolution (1) for the sieve. 
 
 
Fig.15: Subsolution (2) for the sieve. 
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Fig.16: Subsolution (3) for the sieve. 
 
 
Fig.17: Subsolution (4) for the sieve. 
 
Examining the above subsolutions either for the container or for the sieve, the concepts 
that are finally selected are the following: the subsolution (4) for the container and the 
subsolution (4) for the sieve. The reason why these subsolutions are selected is that they 
fullfil the aforementioned objectives and the design guidelines simultaniously.  
Starting with the container, the subsolution (4) was selected, because it aesthetically 
follows the curved lines of the initial container and its appearance, which looks like a 
standing bottle. It has also an ergonomic handle using the body of the container. In 
comparison with the other subsolutions, the selected one has a simple symmetrical form, 
without an angle of revocation, facilitating the lemon squeezing.  
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The subsolution (4) for the sieve was selected, because it fullfils the aforementioned 
objectives and the technical enhancements; it has more nicks of a larger diameter and it 
is sharper due to the size of the blades. In comparison with the other subsolutions, the 
selected one follows more the design philosophy of the original sieve. 
 
4.4. Material selection for the redesigned lemon squeezer- Multi-criteria Decision-
making Technique 
 
This step covers the sector of material selection. In this phase, different materials which 
fulfill specific objectives and limits are being investigated. Due to the wide range of 
existing materials, the potential of ending up with the optimal option is significantly 
increased. During this process, a wide variety of criteria should also be taken into 
consideration, such as cost, durability, sustainability etc. (Zhou et al., 2009). In addition, 
in order to simplify the procedure, the use of an appropriate and fully updated database is 
essential. 
For the need of the present study, CES EduPack database was selected for the material 
selection procedure. CES EduPack is considered as an exceptional tool, since it provides 
a wide range of capabilities and information for a single tool (Ramalhete et al., 2010). The 
criteria that take under consideration the CES EduPack tool have equal importance in the 
decision making, since they have the same degree of impact on the data equivalent. For 
example, the criterion of price has the same importance with the criterion of recyclability, 
etc. 
 
4.4.1. Screening of the problem- Container 
 
Each component is examined separately, because it subjects to different forces. The 
container experiences constant compression forces from the human hand which exerts 
pressure to squeeze the lemon and hold the container. The central part of the sieve 
experiences constant compression forces from the human hand that exerts pressure to 
squeeze the lemon. The filter experiences tensional forces holding the central part 
together with the container. The cup will experience internal pressure at the bottom part 
when it is placed on the container. 
The shape of the specific container resembles a tube, and thus the selected material 
indices are appropriate to calculate the forces a tube experiences. Due to the fact that a 
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lemon squeezer is a daily used product, the objective of this process is to minimize the 
mass of the container, in order to be light and easy to use. For the same reason, the 
container has to be strong enough and fracture resistable. The container’s transparency 
is also important, since the user needs to see the quantity of the lemon juice.The price is 
a vital factor as well, because this every-day used product has to be affordable in 
accordance with the design guidelines which were mentioned in the previous chapter. At 
the end, the most significant constraint of this study is to take under consideration only 
recyclable materials. Table 2 summarizes the function, the objective and the contstraints 
of container’s study. 
 
Function A tube loaded in compression 
Objective 1) Minimize mass 
Constraints 1) Minimum price 
2) Light 
3) Must not fracture 
4) Adequately strong 
5) Design deflection specified 
6) Transparent or with Optical quality 
7) Recyclable 
  Table 2: Function, Objective and Constraints. 
 
4.4.1.1. Determination of Material Indices 
The indices input into the CES define the stiffness-limited design at minimum mass. 
The compression index, for components that endured the compression strength, is 
Young’s Modulus^½ /Density, which locates the best materials for that type of loading. 
 
For strength limited design, locating the best material for tensile strength before yielding 
and plastic deformation of the container occurs, the index Yield strength/Density is to be 
used. Therefore, 
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The optimal materials for displacement-limited design are those with large values of the 
index Fracture toughness/ Young’s Modulus. Thus, 
 
Maximizing these indices locate the optimal materials for each specified type of loading. 
4.4.1.2. Material Selection for the container 
The Ces Edu Pack software uses charts in order to depict the relationship between the 
variety of materials and their properties. The materials are scattered on the chart and this 
position of theirs depends on the properties being at the x and y axe. The slope of the line 
arises from the corresponding material index, which describes the mathematical 
relationship of the two selected properties. Setting the line, the chart is separated in two 
parts. The materials above the line maximize the defined material index, whereas the 
ones below the line minimize the defined material index. Instantly, by selecting the 
materials which are above the line the materials below the line are excluded. The latter 
turn to grey color, in contrast with the others, which remain colored. Ces Edu Pack can 
also define a number of constraints, for example, the range of the price, the capability of 
recycling, the type of the transparency, as well as specific values for the properties (e.g. 
Density, Young Modulus etc.). Setting these constraints on a chart, the number of 
materials is restricted. And thus, the remaining number of materials either maximizes or 
minimizes the material index, depending on the case study, and accomplishes the 
defined constraints at the same time. After this procedure, the remaining materials are 
mostly categorized on the base of the performance index. That means, for example, that 
moving the line upwards, the materials with the lowest performance index are precluded 
and turn to a grey color. In this way, the number of materials with the higher performance 
index is selected (usually the first three or four materials after the categorization).  
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We seek firstly the subset of materials which has high values of E/ρ and E. Figure 18 
depicts the relevant chart: Young's modulus (E), plotted against density (ρ). A selection 
line is positioned at M1 = 0.00169 GPa1/2/ (kg/m
3) so as the five first materials to remain. 
Materials above this line have high values of M1. They include polymers, ceramics and 
glasses. 
 
 
Fig.18: The E-ρ chart. The diagonal line shows the index M1 = 0.00169 GPa1/2/ (kg/m
3). 
 
Table 3 records the materials that fulfill the needs of the Material Index Young’s Modulus/ 
Density. 
 
Name Stage 1: Index 
Silica glass 0.00384 
Borosilicate glass 0.00351 
Soda-lime glass 0.00339 
Polymethyl methacrylate (Acrylic, PMMA) 0.00144 
Polyhydroxyalkanoates (PHA, PHB) 0.00108 
Table 3: Materials as derived by the chart of Young’s Modulus/Density. 
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Secondly, we seek the subset of materials which has high values of σy/ρ. Figure 19 shows 
the relevant chart: Yield strength (σy), plotted against density (ρ). A selection line is 
positioned at M2 = 0.0502 MPa/ (kg/m
3) so as the five first materials to remain. Materials 
above this line have high values of M2.They include polymers, ceramics and glasses. 
 
 
Fig. 19: The σy-ρ chart. The diagonal line shows the index M2 = 0.0502 MPa/ (kg/m
3). 
 
Table 4 records the materials that fulfill the needs of the Material Index Yield 
strength/Density. 
 
Name Stage 2: Index 
Polycarbonate (PC) 0.0547 
Polymethyl methacrylate (Acrylic, PMMA) 0.0525 
Polylactide (PLA) 0.0436 
Polystyrene (PS) 0.0384 
Silica glass 0.0381 
Table 4: Materials as derived by the chart of Yield strength/Density. 
 
Subsequently, we search for the subset of materials which has high values of σy/ρ. 
Figure 20 shows the relevant chart: Fracture toughness (KIC), plotted against Young’s 
modulus (E). A selection line is positioned at M3 = 1.57 MPa.m0.5/ (GPa) so as the first 
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five materials to remain. Materials above this line have high values of M3. They include 
polymers. 
 
 
Fig.20: The KIC-E chart. The diagonal line shows the index M3 = 1.57 MPa.m0.5/ 
(GPa). 
 
Table 5 records the materials that fulfill the needs of the Material Index Fracture 
toughness/Young’s modulus. 
 
Name Stage 3: Index 
Ionomer (I) 6.79 
Polyurethane (tpPUR) 1.83 
Starch-based thermoplastics (TPS) 1.7 
Polyethylene terephthalate (PET) 1.47 
Polycarbonate (PC) 1.41 
Table 5: Materials as derived by the chart of Fracture toughness/Young’s modulus. 
 
Having applied the constraints of the price, the transparency and the recycling capability 
in each material index chart separately, the materials that come as a result are mostly 
polymers, whereas ceramics and glasses follow. The combination of the three material 
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index charts in conjunction with the application of the same constraints, result in the 
polymer materials. Table 6 presents the materials, which fulfill the initial objectives and 
constraints for the selection of materials for the container. 
 
Name Stage 4: Index 
Polycarbonate (PC)  1.41 
Polystyrene (PS HI) 0.497 
Polymethyl methacrylate (Acrylic, PMMA) 0.363 
Table 6. Selected materials for the container. 
 
4.4.2. Screening of the problem- Sieve 
 
The shape of the central part of the sieve resembles a tube, as well as the filter part, and 
thus the selected material indices are appropriate to calculate the forces a tube 
experiences. Similarly to the container’s study, due to the fact that a lemon squeezer is a 
daily used product, the objective of this process is to minimize the mass of the sieve, in 
order to be light and easy to use. For the same reason, the sieve has to be strong 
enough, fracture resistable and difficult to buckle.The price is a vital factor as well, 
because this every-day used product has to be affordable in accordance with the design 
guidelines which were mentioned in the previous chapter. At the end, the most significant 
constraint of this study is to take under consideration only recyclable materials. Table 7 
summarizes the function, the objective and the constraints of sieve’s study. 
 
Function A tube loaded in compression and tension 
Objective Minimize mass 
Constraints 1) Minimum price 
2) Light 
3) Must not buckle 
4) Must not fracture 
5) Adequately strong 
6) Recyclable 
Table 7: Function, Objective and Constraints. 
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4.4.2.1. Determination of Material Indices 
The indices input into the CES define stiffness-limited design at minimum mass. 
The filter that is tensile loaded, creating a link between the central part of the sieve and 
the main body constitutes the index Young’s Modulus/Density. Increasing this index will 
locate suitable materials that exert stiffness, combined with low density, but also giving 
the best tensile properties. So, 
 
The compression index, for the central part loaded in compression, is Young’s Modulus^ 
½ /Density, which locates the optimal materials for that type of loading. Thus, 
 
For strength limited design, locating the optimal material for tensile strength before 
yielding and plastic deformation of the main body occurs, the index Yield strength/Density 
is to be used. Therefore, 
 
Maximizing these indices locate the optimal materials for each specified type of loading. 
4.4.2.2. Material Selection for the sieve 
We seek firstly the subset of materials which has high values of E/ρ. Figure 21 shows the 
relevant chart: Young's modulus (E), plotted against density (ρ). A selection line is 
positioned at M4 =0.0000403 GPa1/2/ (kg/m3) so as the first five materials to remain. 
Materials above this line have high values of M4. They include polymers and elastomers. 
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Fig. 22: The E-ρ chart. The diagonal line shows the index M4 = 0.0000403 GPa1/2/ 
(kg/m3). 
 
Table 8 records the materials that fulfill the needs of the Material Index Young’s 
Modulus/Density. 
 
Name Stage 5: Index 
Polyamides (Nylons, PA) 0.00256 
Polyvinylchloride (tpPVC) 0.00208 
Polypropylene (PP) 0.00131 
Polyethylene (PE) 7.86e-4 
Ethylene vinyl acetate (EVA) 2.11e-5 
Table 8: Materials as derived by the chart of Young’s Modulus/Density. 
 
Secondly, we seek the subset of materials which has high values of E/ρ. Figure 23 
shows the relevant chart: Young's modulus (E), plotted against density (ρ). A selection 
line is positioned at M5 = 0.000142 GPa1/2/ (kg/m3) so as the first five materials to 
remain. Materials above this line have high values of M5. They include polymers and 
elastomers. 
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Fig.23: The E-ρ chart. The diagonal line shows the index M5 = 0.000142 GPa1/2/ 
(kg/m3). 
 
Table 9 records the materials that fulfill the needs of the Material Index Young’s 
Modulus/Density. 
 
Name Stage 6: Index 
Polyamides (Nylons, PA) 0.00256 
Polyvinylchloride (tpPVC) 0.00208 
Polypropylene (PP) 0.00131 
Polyethylene (PE) 7.86e-4 
Ethylene vinyl acetate (EVA) 2.11e-5 
Table 9: Materials as derived by the chart of Young’s Modulus/Density. 
 
In the end, we search for the subset of materials which has high values of σy/ρ. Figure 24 
shows the relevant chart: Yield strength (σy), plotted against density (ρ). A selection line 
is positioned at M6 = 0.0116 GPa1/2/ (kg/m3) so as the first five materials to remain. 
Materials above this line have high values of M6. They include polymers and elastomers. 
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Fig.24: The σy-ρ chart. The diagonal line shows the index M6 = 0.0116 GPa1/2/ (kg/m3). 
 
Table 10 records the materials that fulfill the needs of the Material Index Yield 
Strength/Density. 
 
Name Stage 7: Index 
Polyamides (Nylons, PA) 0.0609 
Polypropylene (PP) 0.0308 
Polyvinylchloride (tpPVC) 0.03 
Polyethylene (PE) 0.024 
Ethylene vinyl acetate (EVA) 0.0155 
Table 10: Materials as derived by the chart of Yield Strength/Density. 
 
Having applied the constraints of the price, the transparency and the recycling capability 
in each material index chart separately, the materials that result are mostly polymers and 
secondly elastomers. The combination of the three material index charts in conjunction 
with the application of the same constraints, give the result of polymer materials. Table 
11 presents the materials, which fulfill the initial objectives and constraints for the 
selection of materials for the sieve. 
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Name Stage 8: Index 
Polyamides (Nylons, PA) 0.0609 
Polypropylene (PP) 0.0308 
Polyvinylchloride (tpPVC) 0.03 
Table 11: Selected materials for the sieve. 
 
4.4.3. Screening of the problem- Cup 
 
The shape of the sieve resembles a half-sphere, and thus the selected material indices 
are appropriate to calculate the forces a sphere experiences. Similarly to the 
aforementioned, due to the fact that a lemon squeezer is a daily used product, the 
objective of this process is to minimize the mass of the cup, in order to be light and easy 
to use. For the same reason, the cup has to be strong enough and not braking. The cup’s 
transparency is also important, since it is important to discriminate the function of the 
product. The price is a vital factor as well, because this every-day used product has to be 
affordable in accordance with the design guidelines which were mentioned in the 
previous chapter. At the end, the most significant constraint of this study is to take under 
consideration only recyclable materials. Table 12 summarizes the function, the objective 
and the constraints of cup’s study. 
 
Function A half-sphere loaded in pressure 
Objective 1) Minimize mass 
Constraints 1) Minimum price 
2) Must yield before brake 
4) Light 
6) Optical quality or Transparent 
7) Recyclable 
Table 12: Function, Objective and Constraints. 
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4.4.3.1. Determination of Material Indices 
 
We idealize the pressure vessel as a thin-walled sphere of radius R and wall thickness t. 
The tolerable crack size is maximized by choosing a material with the largest value of 
 
The maximum pressure is carried out most safely by materials with the large values of  
 
 
 
Therefore, the mass can be minimized by choosing materials with large values of the 
index 
 
Maximizing these indices locate the optimal materials for each specified type of loading. 
4.4.3.2 Material Selection for the cup 
We seek first the subset of materials which have high values of KIC/σy. Figure 25 shows 
the relevant chart: Fracture Toughness (KIC), plotted against yield strength (σy). A 
selection line is positioned at M7 = 1.47 MPa.m^0, 5/ MPa, so as the first five materials to 
remain. Materials above this line have high values of M7. They include polymers. 
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Fig.25: The KIC -σy chart. The diagonal line shows the index M7 = 1.47 MPa.m^0, 5/ 
MPa. 
 
Table 13 records the materials that fulfill the needs of the Material Index Fracture 
Toughness/Yield strength. 
 
Name Stage 9: Index 
Ionomer (I) 6.79 
Polyurethane (tpPUR) 1.83 
Starch-based thermoplastics (TPS) 1.7 
Polyethylene terephthalate (PET) 1.47 
Polycarbonate (PC) 1.41 
Table 13: Materials as derived by the chart of Fracture Toughness/Yield strength. 
 
Secondly, we seek the subset of materials which have high values of KIC^2/ σy. Figure 26 
shows the relevant chart: Fracture Toughness (KIC), plotted against yield strength (σy). A 
selection line is positioned at M8 = 0.106 MPa.m^0, 5/ MPa so as the first five materials to 
remain. Materials above this line have high values of M8. They include polymers. 
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Fig. 26: The KIC -σy chart. The diagonal line shows the index M8 = 0.106 MPa.m^0, 5/ 
MPa. 
 
Table 14 records the materials that fulfill the needs of the Material Index Fracture 
Toughness/yield strength. 
 
Name Stage 10: Index 
Polyethylene terephthalate (PET) 0.417 
Ionomer (I) 0.341 
Polyurethane (tpPUR) 0.197 
Polycarbonate (PC) 0.15 
Cellulose polymers (CA) 0.0745 
Table 14: Materials as derived by the chart of Fracture Toughness/Yield strength. 
 
At the end, we seek the subset of materials which have high values of σy/p. Figure 27 
shows the appropriate chart: Yield strength (σy), plotted against density (p). A selection 
line is positioned at M9 = 0.0471 MPa/ (kg/m^3) so as the first five materials to remain. 
Materials above this line have high values of M9. They include polymers, ceramics and 
glasses. 
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Fig.27: The σy-p chart. The diagonal line shows the index M9 = 0.0471 MPa/ (kg/m^3). 
 
Table 15 records the materials that fulfill the needs of the Material Index Yield strength/ 
Density. 
 
Name Stage 11: Index 
Polycarbonate (PC) 0.15 
Polystyrene (PS) 0.0192 
Polymethyl methacrylate (Acrylic, PMMA) 0.0179 
Polylactide (PLA) 0.0143 
Silica glass 0.00575 
Table 15: Materials as derived by the chart of Yield strength/Density. 
 
Having applied the constraints of the price, the transparency and the recycling capability 
in each material index chart separately, the materials that result are mostly polymers, 
whereas ceramics and glasses follow. The combination of the three material index charts 
in conjunction with the application of the same constraints, give the result of polymer 
materials. Table 16 presents the materials, which fulfill the initial objectives and 
constraints for the selection of materials for the cup. 
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Name Stage 12: Index 
Polyethylene terephthalate (PET) 0.417 
Polycarbonate (PC) 0.15 
Polymethyl methacrylate (Acrylic, PMMA) 0.0179 
Table 16: Selected materials for the cup. 
 
4.5. Assessment of lemon squeezer’s environmental impact- Life Cycle Assesment 
methodology 
 
The objective of this study is the selection of materials, which are sustainable and eco-
friendly. In order to fulfill this objective, the appropriate materials are those which their 
use and their processing decrease the impact on the environment during the whole life 
cycle of the industrial product. In this step, the materials that derived from the previous 
examination are environmentally evaluated and compared for each component 
independently. Apart from the materials, the corresponding manufacturing processes are 
also environmentally evaluated and compared. The evaluation of the environmental 
impact is realized with the use of the Life Cycle Assessment method. The LCA was 
executed via Solidworks Sustainability LCA software tool and its LCA database. The four 
environmental indicators that SolidWorks Sustainability calculates are illustrated in the 
following Figure: 
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Fig.28: The four environmental indicators. 
 
4.5.1. Functional unit 
 
The functional unit was defined as «the production of a lemon squeezer». The lemon 
squeezer’s lifetime was assumed to be 5 years and its use duration in 1 year. The 
product is assumed to be manufactured and used within Europe. 
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4.5.2. Assesment of the original lemon squeezer’s environmental impact 
 
Initially, the materials selected for the original design, are environmentally examined, as 
well as the corresponding manufacturing processes. In the following charts, the selected 
materials for each one of the original lemon squeezer’s parts, as well as their impact to 
the environment are illustrated. 
 
4.5.2.1. Assesment of the original container’s environmental impact 
 
The material of the original container was Stainless steel. In addition, the initial weight for 
the container was 911.88 g. The electricity consumption was 5.95 kWh/Kg and the 
natural gas consumption was 4.13 kWh/Kg. The charts presented below (Fig.29 to 
Fig.32) illustrate the environmental impact of Stainless steel material manufactured by 
die casting process. 
 
 
Fig.29: Original container’s Carbon Footprint chart. 
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Fig.30: Original container’s Total Energy Consumed chart. 
 
 
Fig.31: Original container’s Acidification chart. 
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Fig.32: Original container’s Eutrophication chart. 
 
4.5.2.2. Assesment of the original sieve’s environmental impact  
 
The material of the original sieve was Polymethylmethacrylate (Acrylic, PMMA). In 
addition, the initial weight for the sieve was 64.49 g. The electricity consumption was 1.69 
kWh/Kg and the natural gas consumption was 0.26 kWh/Kg. The charts presented below 
(Fig.33 to Fig.36) illustrate the environmental impact of Polymethylmethacrylate (Acrylic, 
PMMA) material manufactured by extrusion process. 
 
 
Fig.33: Original sieve’s Carbon Footprint chart. 
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Fig.34: Original sieve’s Total Energy Consumed chart. 
 
 
Fig.35: Original sieve’s Acidification chart. 
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Fig.36: Original sieve’s Eytrophication chart. 
 
4.5.2.3. Assesment of the original cup’s environmental impact  
 
The material of the original cup was glass. In addition, the initial weight for the sieve was 
18.74 g. The electricity consumption was 1.69 kWh/Kg and the natural gas consumption 
was 0.76 kWh/Kg. The charts presented below (Fig.37 to Fig.40) illustrate the 
environmental impact of glass material. 
 
 
Fig.37: Original cup’s Carbon Footprint chart. 
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Fig.38: Original cup’s Total Energy Consumed chart. 
 
 
Fig.39: Original cup’s Acidification chart. 
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Fig.40: Original cup’s Eutrophication chart. 
 
4.5.2.4. Assesment of the original lemon squeezer’s total environmental impact  
  
At the end of the procedure, it is important to present the total environmental impact of 
the original lemon squeezer. The pie charts (Fig.41 to Fig.44) reflect the result of the 
evaluation. The total weight of the lemon squeezer is 995.11g. 
 
 
Fig.41: Original’s lemon squeezer Total Carbon Footprint chart. 
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Fig.42: Original’s lemon squeezer Total Energy Consumed chart. 
 
 
Fig.43: Original’s lemon squeezer Total Acidification chart. 
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Fig.44: Original’s lemon squeezer Total Eutrophication chart. 
 
At the following charts (Fig.45 to Fig.48), the percentage of the environmental impact of 
each of the parts (container, sieve, cup) that correspond to each of the environmental 
indicators is illustrated. 
 
 
Fig.45: Original lemon squeezer’s Total Carbon Footprint percentage chart. 
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Fig.46: Original lemon squeezer’s Total Energy Consumed percentage chart. 
 
 
Fig.47: Original lemon squeezer’s Total Acidification percentage chart. 
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Fig.48: Original lemon squeezer’s Total Eutrophication percentage chart. 
 
4.5.3. Assesment of the redesigned lemon squeezer’s environmental impact 
 
In this step, the materials selected from the aforementioned process, are environmentally 
examined. Three different materials derived, all of them belonging to the category of 
polymer materials. The manufacturing processes that are available for producing polymer 
products are injection molding and extrusion. These manufacturing processes are also 
environmentally examined.  
The evaluation procedure and the comparison of each material and manufacturing 
process for each component are shown in detail in the appendix (Table 1 to Table 36). In 
the following charts, the selected materials for each one of the lemon squeezer’s parts, 
as well as their impact to the environment are illustrated. 
 
4.5.3.1. Assesment of the redesigned container’s environmental impact  
 
The materials that are environmentally examined for the container are: 
Polymethylmethacrylate (Acrylic, PMMA), Polystyrene (PS HI), Polycarbonate (PC). 
Applying the three materials to the container, it is noticed that the weight remains stable 
in 62.68 g. The electricity consumption is 1.69 kWh/Kg and the natural gas consumption 
is 0.26 kWh/Kg. The last material selected for the container is Polystyrene (PS HI), 
whereas the manufacturing process with the lowest environmental impact is extrusion. 
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Polystyrene (PS HI) is a brittle, clear, cheap and easily molded polymer. The procedure 
of selection and comparison of the three materials and the two manufacturing processes 
are methodically demonstrated in the appendix (Table 1 to Table 12). The charts 
presented below (Fig.49 to Fig.52) illustrate the environmental impact of Polystyrene (PS 
HI) material manufactured by extrusion process, based on the four predescribed 
environmental indicators: Carbon Footprint (kg CO2), Total Energy Consumed (MJ), 
Acidification (kg SO2) and Eutrophication (kg PO4). 
 
 
Fig.49: Redesigned container’s Carbon Footprint chart. 
 
 
 
Fig.50: Redesigned container’s Total Energy Consumed chart. 
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Fig.51: Redesigned container’s Acidification chart. 
 
 
 
Fig.52: Redesigned container’s Eutrophication chart. 
 
4.5.3.2. Assesment of the redesigned sieve’s environmental impact  
 
The materials that are environmentally examined for the sieve are: Polypropylene (PP), 
Polyamides (Nylons, PA) and Polyvinylchloride (tpPVC). Applying the three materials to 
the sieve, it is noticed that the weight remains stable in 48.02 g. The electricity 
consumption is 1.69 kWh/kg and the natural gas consumption is 0.26 kWh/kg. The 
material that is selected for the sieve is Polypropylene (PP) and the manufacturing 
process selected having the lowest environmental impact is extrusion. Polypropylene 
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(PP) is inexpensive, light, and ductile and it is widely used in household products. The 
procedure of selection and comparison of the three materials and the two manufacturing 
processes are demonstrated in the appendix (Table 13 to Table 24). The charts 
presented below (Fig.53 to Fig.56), indicate the environmental impact of Polypropylene 
(PP) material manufactured by extrusion process based on the same four 
aforementioned environmental indicators. 
 
 
Fig.53: Redesigned sieve’s Carbon Footprint chart. 
 
 
Fig.54: Redesigned sieve’s Total Energy Consumed chart. 
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Fig.55: Redesigned sieve’s Acidification chart. 
 
 
Fig.56: Redesigned sieve’s Eutrophication chart. 
 
4.5.3.3. Assesment of the redesigned cup’s environmental impact  
 
The materials that are environmentally examined for the cup are: Polyethylene 
terephthalate (PET), Polymethyl methacrylate (PMMA) and Polycarbonate (PC). Applying 
the three materials to the cup, it is noticed that the weight remains stable in 6.46 g. The 
electricity consumption is 1.69 kWh/kg and the natural gas consumption is 0.26 kWh/kg. 
The material finally chosen for the cup is Polyethylene terephthalate (PET) and the 
manufacturing process with the lowest environmental impact is Extrusion. Polyethylene 
terephthalate (PET) is a crystal clear, tough and strong material. The procedure of 
selection and comparison of the three materials and the two manufacturing processes are 
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demonstrated in the appendix (Table 25 to Table 36). The presented charts below, 
(Fig.57 to Fig.60), show the environmental impact of Polyethylene terephthalate (PET) 
material manufactured by extrusion process based yet again on the four environmental 
indicators. 
 
 
Fig.57: Redesigned cup’s Carbon Footprint chart. 
 
 
Fig.58: Redesigned cup’s Total Energy Consumed chart. 
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Fig.59: Redesigned cup’s Acidification chart. 
 
 
Fig.60: Redesigned cup’s Eutrophication chart. 
 
4.5.3.4. Assesment of the redesigned lemon squeezer’s total environmental impact  
 
At the end of the procedure, it is important to present the total environmental impact of 
the lemon squeezer. This demonstrates an overall reflection of the impact the lemons’ 
squeezer production has on the environment, from its construction till its reuse or its 
recycle. The pie charts (Fig.61 to Fig.64) reflect diagrammatically the outcome of the 
evaluation. The total weight of the lemon squeezer is 117.16g. 
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Fig.61: Redesigned lemon squeezer’s Total Carbon Footprint chart. 
 
 
Fig.62: Redesigned lemon squeezer’s Total Energy Consumed chart. 
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Fig.63: Redesigned lemon squeezer’s Total Acidification chart. 
 
 
Fig.64: Redesigned lemon squeezer’s Total Eutrophication chart. 
 
At the following charts (Fig.65 to Fig.68), the percentage of the environmental impact of 
each of the parts (container, sieve, cup) that correspond to each of the environmental 
indicators is illustrated. 
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Fig.65: Redesigned lemon squeezer’s Total Carbon Footprint percentage chart. 
 
 
Fig.66: Redesigned lemon squeezer’s Total Energy Consumed percentage chart. 
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Fig.67: Redesigned lemon squeezer’s Total Acidification percentage chart. 
 
 
Fig.68: Redesigned lemon squeezer’s Total Eutrophication percentage chart. 
 
4.6. Final Design of the Bubble lemon squeezer 
 
As described in Figure 4, this is the final stage of the methodology. In this stage, the 
materials which were selected in the previous steps are applied in the redesigned lemon 
squeezer, specifically: Polystyrene (PS HI) for the container, Polypropylene (PP) for the 
sieve and Polyethylene terephthalate (PET) for the cup. Apart from the implementation of 
the most eco-friendly materials in each part, the final Bubble lemon squeezer has also 
undergone some artistic color alterations (Fig.69 to Fig.73). In Table 17, the 
specifications of the redesigned lemon squeezer are shown. 
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Redesign Bubble squeezer’s specifications 
Material: Stainless steel for the container, Polymethyl methacrylate 
(PMMA) for the sieve and Glass for the cup 
Height: 14.1 cm 
Volume: 116535.17 cubic millimeters 
Mass = 528.04 grams 
  Table 17. Redesigned Bubble squeezer’s specifications. 
 
 
 
Fig.69: Front view. 
 
 
67 
 
The redesigned Bubble squeezer has minimal and clear appearance so as to appeal to 
the specific target group (40 years old man, minimal house, aesthetically designed 
objects). Due to the fact that the form is not common for a lemon squeezer, all its parts 
are designed in an apparent and comprehensive way so as the potential consumer may 
perceive its use from the first sight. 
The container was designed with this curved shape in order to remind a woman’s figure. 
So, the user has the sence of holding a woman’s body. Except for that, this shape 
creates an ergonomic handle for the user and makes squeezing a nice experience. The 
fact that the container has not a specific inclination allows the user to use it either on a 
flat surface or holding it on the air. The extra detail at the middle of the container (Fig.70) 
creates an ergonomic stable grip for the user with wet hands. At the bottom part of the 
container, extra subtle circular parts are located for more stability while squeezing 
(Fig.71). Apart from the use of eco-friendly materials, the label “eco-squeezing” affirms 
the quality of this product (Fig. 72). 
 
 
Fig.70: Non-slippery ergonomic handle. 
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Fig.71: Bottom view. 
 
 
Fig. 72: “Eco-squeezing” label on the sieve. 
 
The sieve has also a curvy form in order for the juice to get directly into the squeezer and 
not be spilled out (Fig.73). The blades that were designed for the sieve have appropriate 
size and shape for extracting the lemon juice easily. The nicks of the filter have also the 
precise size to hold the pits, while the lemon juice is pouring into the container. This part 
of the lemon squeezer represents the male evidence, so as its appearance is aggressive 
and tough. 
The cup of the lemon squeezer follows the curved lines of the container and thus it fits to 
the whole exterior image of the lemon squeezer. It is totally transparent so as to convey 
the use of the product; that it is a lemon squeezer.  
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Fig.73: Top view. 
 
The general design philosophy of the lemon squeezer is to combine the male and the 
female element to one product; to illustrate the co-existance of the two opposite sexes, as 
it happens in the real life. Its uniform shape depicts the actual uniformity of the human 
relationships. Thus, its parts were designed to fulfill not only the aforementioned 
guidelines but also this specific attitude. 
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5. Conclusion 
 
The objective of this study is to propose a generic methodological concept appropriate for 
redesigning products in order them to become eco-friendly. As demonstrated in the 
previous chapters, this procedure includes the selection of the proper materials and the 
corresponding manufacturing process, which decreases the environmental impact. The 
same methodology can be applied to any industrial artifact and can be adopted by 
companies, which are interested to manufacture and launch eco-friendly products.  
Furthermore, it is of crucial importance to underline that this procedure follows the 
consumer’s preferences and needs.  
Under thorough examination, the concept proposed in this study is the combination of 
three methods, namely: i) The Repertory Grid Analysis to illustrate consumer’s 
preference among a number of homogeneous products, ii) The Multi-criteria Decision-
making technique for the material selection and iii) The Life Cycle Assessment for the 
environmental impact evaluation.  
For the purpose of perceiving the vital importance of this methodology, it was applied, 
through a case study, for redesigning a real world product, such as a lemon squeezer. 
The analysis is based on 9 different lemon squeezers that were designed in the context 
of MSc in Strategic Product Design program at International Hellenic University. These 
designs were evaluated from 18 interviewees by means of the Repertory Grid technique. 
Through this process, the interviewees selected the most excessive lemon squeezer 
among others. Subsequently, the selected lemon squeezer was redesigned following the 
principles of sustainability, aesthetic, functionality and ergonomic formation.  
At the material selection stage, the alternatives of the existing materials were explored for 
the new redesigned lemon squeezer, with the purpose of accomplishing the established 
objectives and limits. Each component was examined separately. The material selection 
process was conducted according to the Multi-criteria Decision-making technique as well 
as with the use of the CES Edu Pack as a software tool. The materials that derived from 
this material selection process were then environmentally evaluated. The vital issue for 
the material selection process is to end up with materials, which are environmentally 
friendly as well as mechanically appropriately. 
The estimation of the environmental impact followed the Life Cycle Assessment method 
and was realized with the use of Solidworks Sustainability LCA software tool. The final 
materials for each component that resulted from the process are, namely: Polystyrene 
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(PS HI) for the container, Polypropylene (PP) for the sieve and Polyethylene 
terephthalate (PET) for the cup. These materials have the lowest environmental impact 
and the appropriate mechanical properties for the lemon squeezer. Specifically, the 
analysis results showed that the total Carbon Footprint decreased by 94.2%, the total 
Energy Consumed decreased by 88.6%, the total Acidification decreased by 99.8% and 
the total Eutrophication decreased by 99.3%. It is noteworthy that, except for the 
environmental impact, due to the followed process, the total weight decreased by 88.2 % 
as well. 
The presented methodological framework refers to the three critical stages of the 
production of eco-friendly products. Its application is a simple and fast procedure, 
providing valid and precise results. Consequently, the suggested methodological 
procedure is the most efficient for the production of eco-friendly products, demonstrating 
great advantages both for the companies that apply it, as well as for the consumers that 
use the resulted products. 
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APPENDIX 
Environmental impact evaluation: Container 
PC material 
 
Sustainability Report 
     
Model 
Name:   
container Material: PC High 
Viscosity 
 
 Weight:  69.06 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  
 Environmental Impact 
 Carbon Footprint 
 
 Material:  0.481 kg CO2 
 Manufacturing:  0.031 kg CO2 
 Transportation:  6.3E-3 kg CO2 
 End of Life: 0.058 kg CO2 
 
0.575 kg CO2  
 
Total Energy Consumed  
 
 Material:  9.5 MJ 
 Manufacturing:  0.583 MJ 
 Transportation:  0.093 MJ 
 End of Life: 0.044 MJ 
 
10 MJ  
 
 Air Acidification 
 
 Material:  8.4E-4 kg SO2 
 Manufacturing:  2.0E-4 kg SO2 
 Transportation: 2.9E-5 kg SO2 
 End of Life:  4.2E-5 kg SO2 
 
1.1E-3 kg SO2  
 
Water Eutrophication 
 
 Material:  1.1E-4 kg PO4 
 Manufacturing:  7.4E-6 kg PO4 
 Transportation: 6.7E-6 kg PO4 
 End of Life:  2.8E-5 kg PO4 
 
1.5E-4 kg PO4  
 
 Table 1: Results of the Environmental impact evaluation of PC material using Extrusion manufacturing process. 
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Sustainability Report 
     
Model Name:   container Material: 
 
PC High Viscosity Weight:  69.06 g Manufacturing 
process: 
Built to 
last: 
5.0 year Injection Molded 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.488 kg CO2 
 Manufacturing:  0.073 kg CO2 
 Transportation:  6.3E-3 kg CO2 
 End of Life: 0.058 kg CO2 
 
0.625 kg CO2  
 
Total Energy Consumed  
 
 Material:  9.6 MJ 
 Manufacturing:  1.4 MJ 
 Transportation:  0.093 MJ 
 End of Life: 0.044 MJ 
 
11 MJ  
 
 Air Acidification 
 
 Material:  8.6E-4 kg SO2 
 Manufacturing:  4.9E-4 kg SO2 
 Transportation: 2.9E-5 kg SO2 
 End of Life:  4.2E-5 kg SO2 
 
1.4E-3 kg SO2  
 
Water Eutrophication 
 
 Material:  1.1E-4 kg PO4 
 Manufacturing:  1.8E-5 kg PO4 
 Transportation: 6.7E-6 kg PO4 
 End of Life:  2.8E-5 kg PO4 
 
1.6E-4 kg PO4  
 
 
 
Table 2: Results of the Environmental impact evaluation of PC material using Injection molded manufacturing process. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
container Material:  PC High Viscosity Weight:  69 g Baseline: Injection 
molded 
Built to last: 5.0 year  
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PC High Viscosity : 0.575 kg CO2 Total PC High Viscosity : 10 MJ 
 PC High Viscosity : 0.677 kg CO2  PC High Viscosity : 11 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PC High Viscosity : 1.1E-3 kg SO2 Total PC High Viscosity : 1.5E-4 kg PO4 
 PC High Viscosity : 1.4E-3 kg SO2  PC High Viscosity : 1.8E-4 kg PO4 
  
 
 
 
 
Table 3: Comparison between Extrusion and Injection molded manufacturing processes of PC material. Injection  
 molded is set as a baseline. 
 
  
 
 
 
 
 
 
 
 
 
 
83 
 
      PMMA material 
 
Sustainability Report 
     
Model 
Name:   
container Material: 
 
PMMA Weight:  69.06 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.368 kg CO2 
 Manufacturing:  0.031 kg CO2 
 Transportation:  6.3E-3 kg CO2 
 End of Life: 0.058 kg CO2 
 
0.462 kg CO2  
 
Total Energy Consumed  
 
 Material:  8.2 MJ 
 Manufacturing:  0.583 MJ 
 Transportation:  0.093 MJ 
 End of Life: 0.044 MJ 
 
8.9 MJ  
 
 Air Acidification 
 
 Material:  1.1E-3 kg SO2 
 Manufacturing:  2.0E-4 kg SO2 
 Transportation: 2.9E-5 kg SO2 
 End of Life:  4.2E-5 kg SO2 
 
1.4E-3 kg SO2  
 
Water Eutrophication 
 
 Material:  7.8E-5 kg PO4 
 Manufacturing:  7.4E-6 kg PO4 
 Transportation: 6.7E-6 kg PO4 
 End of Life:  2.8E-5 kg PO4 
 
1.2E-4 kg PO4  
 
 Table 4: Results of the Environmental impact evaluation of PMMA material using Extrusion manufacturing process. 
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Sustainability Report 
     
Model 
Name:   
container Material: 
 
PMMA Weight:  69.06 g Manufacturing process: 
Built to last: 5.0 year Injection Molded 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.373 kg CO2 
 Manufacturing:  0.073 kg CO2 
 Transportation:  6.3E-3 kg CO2 
 End of Life: 0.058 kg CO2 
 
0.511 kg CO2  
 
Total Energy Consumed  
 
 Material:  8.3 MJ 
 Manufacturing:  1.4 MJ 
 Transportation:  0.093 MJ 
 End of Life: 0.044 MJ 
 
9.8 MJ  
 
 Air Acidification 
 
 Material:  1.1E-3 kg SO2 
 Manufacturing:  4.9E-4 kg SO2 
 Transportation: 2.9E-5 kg SO2 
 End of Life:  4.2E-5 kg SO2 
 
1.7E-3 kg SO2  
 
Water Eutrophication 
 
 Material:  7.9E-5 kg PO4 
 Manufacturing:  1.8E-5 kg PO4 
 Transportation: 6.7E-6 kg PO4 
 End of Life:  2.8E-5 kg PO4 
 
1.3E-4 kg PO4  
 
 Table 5: Results of the Environmental impact evaluation of PMMA material using Injection molded manufacturing process. 
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Sustainability Report 
     
 
 
container Material:  PMMA Weight:  69 g Baseline: Injection 
Molded 
Built to last: 5.0 year  
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PMMA : 0.462 kg CO2 Total PMMA : 8.9 MJ 
 PMMA : 0.562 kg CO2  PMMA : 9.8 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PMMA : 1.4E-3 kg SO2 Total PMMA : 1.2E-4 kg PO4 
 PMMA : 1.7E-3 kg SO2  PMMA : 1.5E-4 kg PO4 
  
 
 
 
Table 6: Comparison between Extrusion and Injection molded manufacturing processes of PMMA material. Injection 
 molded is set as a baseline. 
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PS material 
 
Sustainability Report 
     
Model 
Name:   
container Material: 
 
PS HI Weight:  62.68 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.147 kg CO2 
 Manufacturing:  0.028 kg CO2 
 Transportation:  5.7E-3 kg CO2 
 End of Life: 0.052 kg CO2 
 
0.233 kg CO2  
 
Total Energy Consumed  
 
 Material:  4.7 MJ 
 Manufacturing:  0.529 MJ 
 Transportation:  0.085 MJ 
 End of Life: 0.040 MJ 
 
5.4 MJ  
 
 Air Acidification 
 
 Material:  3.3E-4 kg SO2 
 Manufacturing:  1.9E-4 kg SO2 
 Transportation: 2.7E-5 kg SO2 
 End of Life:  3.8E-5 kg SO2 
 
5.8E-4 kg SO2  
 
Water Eutrophication 
 
 Material:  3.8E-5 kg PO4 
 Manufacturing:  6.8E-6 kg PO4 
 Transportation: 6.0E-6 kg PO4 
 End of Life:  2.6E-5 kg PO4 
 
7.6E-5 kg PO4  
 
 Table 7: Results of the Environmental impact evaluation of PS material using Extrusion manufacturing process. 
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Sustainability Report 
     
Model 
Name:   
container Material: 
 
PS HI Weight:  62.68 g Manufacturing process: 
Built to last: 5.0 year Injection Molded 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.149 kg CO2 
 Manufacturing:  0.067 kg CO2 
 Transportation:  5.7E-3 kg CO2 
 End of Life: 0.052 kg CO2 
 
0.274 kg CO2  
 
Total Energy Consumed  
 
 Material:  4.8 MJ 
 Manufacturing:  1.3 MJ 
 Transportation:  0.085 MJ 
 End of Life: 0.040 MJ 
 
6.2 MJ  
 
 Air Acidification 
 
 Material:  3.3E-4 kg SO2 
 Manufacturing:  4.5E-4 kg SO2 
 Transportation: 2.7E-5 kg SO2 
 End of Life:  3.8E-5 kg SO2 
 
8.4E-4 kg SO2  
 
Water Eutrophication 
 
 Material:  3.9E-5 kg PO4 
 Manufacturing:  1.6E-5 kg PO4 
 Transportation: 6.0E-6 kg PO4 
 End of Life:  2.6E-5 kg PO4 
 
8.6E-5 kg PO4  
 
 
 
Table 8: Results of the Environmental impact evaluation of PS material using Injection molded manufacturing process. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
container Material:  PS HI Weight:  63 g Baseline: Injection 
molded 
Built to last: 5.0 year  
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PS HI : 0.233 kg CO2 Total PS HI : 5.4 MJ 
 PS HI : 0.321 kg CO2  PS HI : 6.2 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PS HI : 5.8E-4 kg SO2 Total PS HI : 7.6E-5 kg PO4 
 PS HI : 8.5E-4 kg SO2  PS HI : 1.1E-4 kg PO4 
  
 
 
 
 Table 9: Comparison between Extrusion and Injection molded manufacturing processes of PC material. Injection  
 molded is set as a baseline. 
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Sustainability Report 
     
Model Name:  
 
 
 
container Material:  PMMA Weight:  69 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PC High Viscosity : 0.575 kg CO2 Total PC High Viscosity : 10 MJ 
 PMMA : 0.514 kg CO2  PMMA : 8.9 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PC High Viscosity : 1.1E-3 kg SO2 Total PC High Viscosity : 1.5E-4 kg PO4 
 PMMA : 1.4E-3 kg SO2  PMMA : 1.4E-4 kg PO4 
  
 
 
 
Table 10: Comparison between PMMA and PC material. PMMA is set as  a baseline. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
container Material:  PC High Viscosity Weight:  69 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PS HI : 0.233 kg CO2 Total PS HI : 5.4 MJ 
 PC High Viscosity : 0.627 kg CO2  PC High Viscosity : 10 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PS HI : 5.8E-4 kg SO2 Total PS HI : 7.6E-5 kg PO4 
 PC High Viscosity : 1.1E-3 kg SO2  PC High Viscosity : 1.7E-4 kg PO4 
  
 
 
 
Table 11: Comparison between PS and PC material. PC is set as a baseline. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
container Material:  PMMA Weight:  69 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PS HI : 0.233 kg CO2 Total PS HI : 5.4 MJ 
 PMMA : 0.514 kg CO2  PMMA : 8.9 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PS HI : 5.8E-4 kg SO2 Total PS HI : 7.6E-5 kg PO4 
 PMMA : 1.4E-3 kg SO2  PMMA : 1.4E-4 kg PO4 
  
 
 
 
Table 12: Comparison between PS and PMMA material. PMMA is set as a baseline. 
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Environmental impact evaluation: Sieve 
          PA material 
 
Sustainability Report 
     
Model 
Name:   
sieve Material: 
 
PA Type 6 Weight:  60.43 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.611 kg CO2 
 Manufacturing:  0.027 kg CO2 
 Transportation:  5.5E-3 kg CO2 
 End of Life: 0.051 kg CO2 
 
0.694 kg CO2  
 
Total Energy Consumed  
 
 Material:  11 MJ 
 Manufacturing:  0.510 MJ 
 Transportation:  0.082 MJ 
 End of Life: 0.039 MJ 
 
12 MJ  
 
 Air Acidification 
 
 Material:  9.1E-4 kg SO2 
 Manufacturing:  1.8E-4 kg SO2 
 Transportation: 2.6E-5 kg SO2 
 End of Life:  3.7E-5 kg SO2 
 
1.1E-3 kg SO2  
 
Water Eutrophication 
 
 Material:  1.1E-4 kg PO4 
 Manufacturing:  6.5E-6 kg PO4 
 Transportation: 5.8E-6 kg PO4 
 End of Life:  2.5E-5 kg PO4 
 
1.4E-4 kg PO4  
 
Table 13: Results of the Environmental impact evaluation of PA material using Extrusion manufacturing process. 
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Sustainability Report 
     
Model 
Name:   
sieve Material: 
 
PA Type 6 Weight:  60.43 g Manufacturing process: 
Built to last: 5.0 year Injection Molded 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.620 kg CO2 
 Manufacturing:  0.064 kg CO2 
 Transportation:  5.5E-3 kg CO2 
 End of Life: 0.051 kg CO2 
 
0.740 kg CO2  
 
Total Energy Consumed  
 
 Material:  11 MJ 
 Manufacturing:  1.2 MJ 
 Transportation:  0.082 MJ 
 End of Life: 0.039 MJ 
 
13 MJ  
 
 Air Acidification 
 
 Material:  9.2E-4 kg SO2 
 Manufacturing:  4.3E-4 kg SO2 
 Transportation: 2.6E-5 kg SO2 
 End of Life:  3.7E-5 kg SO2 
 
1.4E-3 kg SO2  
 
Water Eutrophication 
 
 Material:  1.1E-4 kg PO4 
 Manufacturing:  1.6E-5 kg PO4 
 Transportation: 5.8E-6 kg PO4 
 End of Life:  2.5E-5 kg PO4 
 
1.5E-4 kg PO4  
 
 Table 14: Results of the Environmental impact evaluation of PA material using Injection molded manufacturing process. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
sieve Material:  PA Type 6 Weight:  60 g Baseline: Injection 
molded 
Built to last: 5.0 year  
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PA Type 6 : 0.694 kg CO2 Total PA Type 6 : 12 MJ 
 PA Type 6 : 0.785 kg CO2  PA Type 6 : 13 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PA Type 6 : 1.1E-3 kg SO2 Total PA Type 6 : 1.4E-4 kg PO4 
 PA Type 6 : 1.4E-3 kg SO2  PA Type 6 : 1.7E-4 kg PO4 
  
 
 
 
 Table 15: Comparison between Extrusion and Injection molded manufacturing processes of PA material. Injection 
 molded is set as a baseline. 
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PP material 
 
 
Sustainability Report 
     
Model 
Name:   
sieve Material: 
 
PP Copolymer Weight:  48.02 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.095 kg CO2 
 Manufacturing:  0.021 kg CO2 
 Transportation:  4.4E-3 kg CO2 
 End of Life: 0.040 kg CO2 
 
0.161 kg CO2  
 
Total Energy Consumed  
 
 Material:  3.6 MJ 
 Manufacturing:  0.406 MJ 
 Transportation:  0.065 MJ 
 End of Life: 0.031 MJ 
 
4.1 MJ  
 
 Air Acidification 
 
 Material:  2.1E-4 kg SO2 
 Manufacturing:  1.4E-4 kg SO2 
 Transportation: 2.0E-5 kg SO2 
 End of Life:  2.9E-5 kg SO2 
 
4.0E-4 kg SO2  
 
Water Eutrophication 
 
 Material:  2.0E-5 kg PO4 
 Manufacturing:  5.2E-6 kg PO4 
 Transportation: 4.6E-6 kg PO4 
 End of Life:  2.0E-5 kg PO4 
 
4.9E-5 kg PO4  
 
 Table 16: Results of the Environmental impact evaluation of PP material using Extrusion manufacturing process. 
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Sustainability Report 
     
Model 
Name:   
sieve Material: 
 
PP Copolymer Weight:  48.02 g Manufacturing process: 
Built to last: 5.0 year Injection Molded 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.097 kg CO2 
 Manufacturing:  0.051 kg CO2 
 Transportation:  4.4E-3 kg CO2 
 End of Life: 0.040 kg CO2 
 
0.192 kg CO2  
 
Total Energy Consumed  
 
 Material:  3.6 MJ 
 Manufacturing:  0.974 MJ 
 Transportation:  0.065 MJ 
 End of Life: 0.031 MJ 
 
4.7 MJ  
 
 Air Acidification 
 
 Material:  2.1E-4 kg SO2 
 Manufacturing:  3.4E-4 kg SO2 
 Transportation: 2.0E-5 kg SO2 
 End of Life:  2.9E-5 kg SO2 
 
6.0E-4 kg SO2  
 
Water Eutrophication 
 
 Material:  2.0E-5 kg PO4 
 Manufacturing:  1.2E-5 kg PO4 
 Transportation: 4.6E-6 kg PO4 
 End of Life:  2.0E-5 kg PO4 
 
5.6E-5 kg PO4  
 
 Table 17: Results of the Environmental impact evaluation of PP material using Injection molded manufacturing process. 
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Sustainability Report 
     
Model 
Name:  
 
sieve Material:  PP Copolymer Weight:  48 g Baseline: Injection 
molded 
Built to last: 5.0 year  
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PP Copolymer : 0.161 kg CO2 Total PP Copolymer : 4.1 MJ 
 PP Copolymer : 0.228 kg CO2  PP Copolymer : 4.7 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PP Copolymer : 4.0E-4 kg SO2 Total PP Copolymer : 4.9E-5 kg PO4 
 PP Copolymer : 6.1E-4 kg SO2  PP Copolymer : 7.1E-5 kg PO4 
  
 
 
 
 Table 18: Comparison between Extrusion and Injection molded manufacturing process of PP material. Injection  
molded is set as a baseline. 
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PVC material 
 
Sustainability Report 
     
Model 
Name:   
sieve Material: 
 
PVC Rigid Weight:  70.14 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.112 kg CO2 
 Manufacturing:  0.031 kg CO2 
 Transportation:  6.4E-3 kg CO2 
 End of Life: 0.059 kg CO2 
 
0.208 kg CO2  
 
Total Energy Consumed  
 
 Material:  3.6 MJ 
 Manufacturing:  0.592 MJ 
 Transportation:  0.095 MJ 
 End of Life: 0.045 MJ 
 
4.3 MJ  
 
 Air Acidification 
 
 Material:  3.8E-4 kg SO2 
 Manufacturing:  2.1E-4 kg SO2 
 Transportation: 3.0E-5 kg SO2 
 End of Life:  4.2E-5 kg SO2 
 
6.6E-4 kg SO2  
 
Water Eutrophication 
 
 Material:  3.5E-5 kg PO4 
 Manufacturing:  7.6E-6 kg PO4 
 Transportation: 6.8E-6 kg PO4 
 End of Life:  2.9E-5 kg PO4 
 
7.8E-5 kg PO4  
 
 Table 19: Results of the Environmental impact evaluation of PVC material using Extrusion manufacturing process. 
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Sustainability Report 
     
Model 
Name:   
sieve Material: 
 
PVC Rigid Weight:  70.14 g Manufacturing process: 
Built to last: 5.0 year Injection Molded 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.114 kg CO2 
 Manufacturing:  0.075 kg CO2 
 Transportation:  6.4E-3 kg CO2 
 End of Life: 0.059 kg CO2 
 
0.254 kg CO2  
 
Total Energy Consumed  
 
 Material:  3.6 MJ 
 Manufacturing:  1.4 MJ 
 Transportation:  0.095 MJ 
 End of Life: 0.045 MJ 
 
5.2 MJ  
 
 Air Acidification 
 
 Material:  3.8E-4 kg SO2 
 Manufacturing:  5.0E-4 kg SO2 
 Transportation: 3.0E-5 kg SO2 
 End of Life:  4.2E-5 kg SO2 
 
9.5E-4 kg SO2  
 
Water Eutrophication 
 
 Material:  3.6E-5 kg PO4 
 Manufacturing:  1.8E-5 kg PO4 
 Transportation: 6.8E-6 kg PO4 
 End of Life:  2.9E-5 kg PO4 
 
8.9E-5 kg PO4  
 
Table 20: Results of the Environmental impact evaluation of PVC material using Injection molded manufacturing process. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
sieve Material:  PVC Rigid Weight:  70 g Baseline: Injection 
molded 
Built to last: 5.0 year  
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PVC Rigid : 0.208 kg CO2 Total PVC Rigid : 4.3 MJ 
 PVC Rigid : 0.306 kg CO2  PVC Rigid : 5.1 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PVC Rigid : 6.6E-4 kg SO2 Total PVC Rigid : 7.8E-5 kg PO4 
 PVC Rigid : 9.6E-4 kg SO2  PVC Rigid : 1.1E-4 kg PO4 
  
 
 
 
 
 
Table 21: Comparison between Extrusion and Injection molded manufacturing process of PVC material. Injection 
 molded is set as a baseline. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
sieve Material:  PA Type 6 Weight:  60 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PP Copolymer : 0.161 kg CO2 Total PP Copolymer : 4.1 MJ 
 PA Type 6 : 0.739 kg CO2  PA Type 6 : 12 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PP Copolymer : 4.0E-4 kg SO2 Total PP Copolymer : 4.9E-5 kg PO4 
 PA Type 6 : 1.2E-3 kg SO2  PA Type 6 : 1.6E-4 kg PO4 
  
 
 
 
Table 22: Comparison between PP and PA material. PA is set as a baseline. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
sieve Material:  PVC Rigid Weight:  70 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PA Type 6 : 0.694 kg CO2 Total PA Type 6 : 12 MJ 
 PVC Rigid : 0.261 kg CO2  PVC Rigid : 4.3 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PA Type 6 : 1.1E-3 kg SO2 Total PA Type 6 : 1.4E-4 kg PO4 
 PVC Rigid : 6.7E-4 kg SO2  PVC Rigid : 1.0E-4 kg PO4 
  
 
 
 
 Table 23: Comparison between PVC and PA material. PVC is set as a baseline. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
sieve Material:  PVC Rigid Weight:  70 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PP Copolymer : 4.1 MJ Total New:  
 PVC Rigid : 1.0E-4 kg PO4  PP Copolymer : 4.0E-4 kg SO2 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total New:  Total New:  
 PVC Rigid : 4.3 MJ  PVC Rigid : 6.7E-4 kg SO2 
  
 
 
 
Table 24: Comparison between PVC and PP material. PVC is set as a baseline. 
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Environmental impact evaluation: Cup 
             PC material 
 
Sustainability Report 
     
Model 
Name:   
cup Material: 
 
PC High Viscosity Weight:  5.41 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.038 kg CO2 
 Manufacturing:  2.4E-3 kg CO2 
 Transportation:  4.9E-4 kg CO2 
 End of Life: 4.5E-3 kg CO2 
 
0.045 kg CO2  
 
Total Energy Consumed  
 
 Material:  0.741 MJ 
 Manufacturing:  0.046 MJ 
 Transportation:  7.3E-3 MJ 
 End of Life: 3.5E-3 MJ 
 
0.797 MJ  
 
 Air Acidification 
 
 Material:  6.6E-5 kg SO2 
 Manufacturing:  1.6E-5 kg SO2 
 Transportation: 2.3E-6 kg SO2 
 End of Life:  3.3E-6 kg SO2 
 
8.8E-5 kg SO2  
 
Water Eutrophication 
 
 Material:  8.5E-6 kg PO4 
 Manufacturing:  5.8E-7 kg PO4 
 Transportation: 5.2E-7 kg PO4 
 End of Life:  2.2E-6 kg PO4 
 
1.2E-5 kg PO4  
 
 Table 25: Results of the Environmental impact evaluation of PC material using Extrusion manufacturing process. 
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Sustainability Report 
     
Model 
Name:   
cup Material: 
 
PC High Viscosity Weight:  5.41 g Manufacturing process: 
Built to last: 5.0 year Injection Molded 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.038 kg CO2 
 Manufacturing:  5.8E-3 kg CO2 
 Transportation:  4.9E-4 kg CO2 
 End of Life: 4.5E-3 kg CO2 
 
0.049 kg CO2  
 
Total Energy Consumed  
 
 Material:  0.752 MJ 
 Manufacturing:  0.110 MJ 
 Transportation:  7.3E-3 MJ 
 End of Life: 3.5E-3 MJ 
 
0.873 MJ  
 
 Air Acidification 
 
 Material:  6.7E-5 kg SO2 
 Manufacturing:  3.8E-5 kg SO2 
 Transportation: 2.3E-6 kg SO2 
 End of Life:  3.3E-6 kg SO2 
 
1.1E-4 kg SO2  
 
Water Eutrophication 
 
 Material:  8.6E-6 kg PO4 
 Manufacturing:  1.4E-6 kg PO4 
 Transportation: 5.2E-7 kg PO4 
 End of Life:  2.2E-6 kg PO4 
 
1.3E-5 kg PO4  
 
 Table 26: Results of the Environmental impact evaluation of PC material using Injection molded manufacturing process. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
cup Material:  PC High Viscosity Weight:  5.4 g Baseline: Injection 
molded 
Built to last: 5.0 year  
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PC High Viscosity : 0.045 kg CO2 Total PC High Viscosity : 0.797 MJ 
 PC High Viscosity : 0.053 kg CO2  PC High Viscosity : 0.869 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PC High Viscosity : 8.8E-5 kg SO2 Total PC High Viscosity : 1.2E-5 kg PO4 
 PC High Viscosity : 1.1E-4 kg SO2  PC High Viscosity : 1.4E-5 kg PO4 
  
 
 
 
Table 27: Comparison between Extrusion and Injection molded manufacturing process of PC material. Injection      
molded is set as a baseline. 
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PET material 
 
Sustainability Report 
     
Model 
Name:   
cup Material: 
 
PET Weight:  6.46 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.019 kg CO2 
 Manufacturing:  2.9E-3 kg CO2 
 Transportation:  5.9E-4 kg CO2 
 End of Life: 5.4E-3 kg CO2 
 
0.028 kg CO2  
 
Total Energy Consumed  
 
 Material:  0.522 MJ 
 Manufacturing:  0.055 MJ 
 Transportation:  8.7E-3 MJ 
 End of Life: 4.1E-3 MJ 
 
0.589 MJ  
 
 Air Acidification 
 
 Material:  3.4E-5 kg SO2 
 Manufacturing:  1.9E-5 kg SO2 
 Transportation: 2.7E-6 kg SO2 
 End of Life:  3.9E-6 kg SO2 
 
5.9E-5 kg SO2  
 
Water Eutrophication 
 
 Material:  3.2E-6 kg PO4 
 Manufacturing:  7.0E-7 kg PO4 
 Transportation: 6.2E-7 kg PO4 
 End of Life:  2.6E-6 kg PO4 
 
7.2E-6 kg PO4  
 
 Table 28: Results of the Environmental impact evaluation of PET material using Extrusion manufacturing process. 
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Sustainability Report 
     
Model 
Name:   
cup Material: 
 
PET Weight:  6.46 g Manufacturing process: 
Built to last: 5.0 year Injection Molded 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.019 kg CO2 
 Manufacturing:  6.9E-3 kg CO2 
 Transportation:  5.9E-4 kg CO2 
 End of Life: 5.4E-3 kg CO2 
 
0.032 kg CO2  
 
Total Energy Consumed  
 
 Material:  0.529 MJ 
 Manufacturing:  0.131 MJ 
 Transportation:  8.7E-3 MJ 
 End of Life: 4.1E-3 MJ 
 
0.673 MJ  
 
 Air Acidification 
 
 Material:  3.4E-5 kg SO2 
 Manufacturing:  4.6E-5 kg SO2 
 Transportation: 2.7E-6 kg SO2 
 End of Life:  3.9E-6 kg SO2 
 
8.7E-5 kg SO2  
 
Water Eutrophication 
 
 Material:  3.2E-6 kg PO4 
 Manufacturing:  1.7E-6 kg PO4 
 Transportation: 6.2E-7 kg PO4 
 End of Life:  2.6E-6 kg PO4 
 
8.2E-6 kg PO4  
 
 
 
Table 29: Results of the Environmental impact evaluation of PET material using Injection molded manufacturing process. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
cup Material:  PET Weight:  6.5 g Baseline: Injection 
molded 
Built to last: 5.0 year  
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PET : 0.028 kg CO2 Total PET : 0.589 MJ 
 PET : 0.037 kg CO2  PET : 0.669 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PET : 5.9E-5 kg SO2 Total PET : 7.2E-6 kg PO4 
 PET : 8.8E-5 kg SO2  PET : 1.0E-5 kg PO4 
  
 
 
 
 Table 30: Comparison between Extrusion and Injection molded manufacturing process of PET material. Injection molded  
 is set as a baseline. 
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 PMMA material 
 
Sustainability Report 
     
Model 
Name:   
cup Material: 
 
PMMA Weight:  5.41 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.029 kg CO2 
 Manufacturing:  2.4E-3 kg CO2 
 Transportation:  4.9E-4 kg CO2 
 End of Life: 4.5E-3 kg CO2 
 
0.036 kg CO2  
 
Total Energy Consumed  
 
 Material:  0.641 MJ 
 Manufacturing:  0.046 MJ 
 Transportation:  7.3E-3 MJ 
 End of Life: 3.5E-3 MJ 
 
0.698 MJ  
 
 Air Acidification 
 
 Material:  8.4E-5 kg SO2 
 Manufacturing:  1.6E-5 kg SO2 
 Transportation: 2.3E-6 kg SO2 
 End of Life:  3.3E-6 kg SO2 
 
1.1E-4 kg SO2  
 
Water Eutrophication 
 
 Material:  6.1E-6 kg PO4 
 Manufacturing:  5.8E-7 kg PO4 
 Transportation: 5.2E-7 kg PO4 
 End of Life:  2.2E-6 kg PO4 
 
9.4E-6 kg PO4  
 
 Table 31: Results of the Environmental impact evaluation of PMMA material using Extrusion manufacturing process. 
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Sustainability Report 
     
Model 
Name:   
cup Material: 
 
PMMA Weight:  5.41 g Manufacturing process: 
Built to last: 5.0 year Injection Molded 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
  Environmental Impact 
 Carbon Footprint 
 
 Material:  0.029 kg CO2 
 Manufacturing:  5.8E-3 kg CO2 
 Transportation:  4.9E-4 kg CO2 
 End of Life: 4.5E-3 kg CO2 
 
0.040 kg CO2  
 
Total Energy Consumed  
 
 Material:  0.651 MJ 
 Manufacturing:  0.110 MJ 
 Transportation:  7.3E-3 MJ 
 End of Life: 3.5E-3 MJ 
 
0.771 MJ  
 
 Air Acidification 
 
 Material:  8.6E-5 kg SO2 
 Manufacturing:  3.8E-5 kg SO2 
 Transportation: 2.3E-6 kg SO2 
 End of Life:  3.3E-6 kg SO2 
 
1.3E-4 kg SO2  
 
Water Eutrophication 
 
 Material:  6.2E-6 kg PO4 
 Manufacturing:  1.4E-6 kg PO4 
 Transportation: 5.2E-7 kg PO4 
 End of Life:  2.2E-6 kg PO4 
 
1.0E-5 kg PO4  
 
 Table 32: Results of the Environmental impact evaluation of PMMA material using Injection molded manufacturing process. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
lid1 Material:  PMMA Weight:  5.4 g Baseline: Injection 
Molded 
Built to last: 5.0 year  
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PMMA : 0.036 kg CO2 Total PMMA : 0.698 MJ 
 PMMA : 0.044 kg CO2  PMMA : 0.768 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PMMA : 1.1E-4 kg SO2 Total PMMA : 9.4E-6 kg PO4 
 PMMA : 1.3E-4 kg SO2  PMMA : 1.2E-5 kg PO4 
  
 
 
 
Table 33: Comparison between Extrusion and Injection molded manufacturing process of PMMA material. Injection  
molded is set as a baseline. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
cup Material:  PET Weight:  6.5 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PC High Viscosity : 0.045 kg CO2 Total PC High Viscosity : 0.797 MJ 
 PET : 0.033 kg CO2  PET : 0.584 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PC High Viscosity : 8.8E-5 kg SO2 Total PC High Viscosity : 1.2E-5 kg PO4 
 PET : 6.1E-5 kg SO2  PET : 9.2E-6 kg PO4 
  
 
 
 
Table 34: Comparison between PC and PET material. PET is set as a baseline. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
129 
 
Sustainability Report 
     
Model 
Name:  
 
 
 
cup Material:  PMMA Weight:  5.4 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PC High Viscosity : 0.045 kg CO2 Total PC High Viscosity : 0.797 MJ 
 PMMA : 0.040 kg CO2  PMMA : 0.694 MJ 
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Air Acidification - Comparison Water Eutrophication - Comparison 
Total PC High Viscosity : 8.8E-5 kg SO2 Total PC High Viscosity : 1.2E-5 kg PO4 
 PMMA : 1.1E-4 kg SO2  PMMA : 1.1E-5 kg PO4 
  
 
 
 
Table 35: Comparison between PC and PMMA material. PMMA is set as a baseline. 
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Sustainability Report 
     
Model 
Name:  
 
 
 
cup Material:  PMMA Weight:  5.4 g Manufacturing process: 
Built to last: 5.0 year Extrusion 
Recycled content: 0.00 % Duration of 
use: 
1.0 year  
   
 Environmental Impact Comparison  
New Design: 
 Better             Worse 
Original Design: 
 Baseline 
  
Carbon Footprint - Comparison Total Energy Consumed - Comparison  
Total PET : 0.028 kg CO2 Total PET : 0.589 MJ 
 PMMA : 0.040 kg CO2  PMMA : 0.694 MJ 
  
 
 
 
 
 
 
 
 
132 
 
Air Acidification - Comparison Water Eutrophication - Comparison 
Total PET : 5.9E-5 kg SO2 Total PET : 7.2E-6 kg PO4 
 PMMA : 1.1E-4 kg SO2  PMMA : 1.1E-5 kg PO4 
  
 
 
 
Table 36: Comparison between PET and PMMA material. PMMA is set as a baseline. 
 
 
 
